Cervical foraminal stenosis (CFS) is a common diagnosis that causes cervical radiculopathy and is one of the most common diseases requiring surgical treatment in the cervical spine. The presence of CFS and associated upper extremity symptoms are important factors in determining surgical treatment. Postoperative outcomes of CFS are better than those of cervical spine myelopathy caused by spinal cord compression. In spite of being one of the common degenerative changes of the cervical spine,[@B1][@B2][@B3][@B4] however, correlations between the severity of stenosis and severity of symptoms are inconsistent in the literature.[@B5][@B6]

In the presence of spinal nerve root symptoms and radiographic compression of the same nerve root, surgery for CFS is determined based on the severity of symptoms.[@B7] However, considering that appropriate patient selection is most important for a successful operation, data on the prevalence of CFS without symptoms would be helpful to avoid excessive surgical treatment. There are many studies on symptomatic cervical disc herniation and spinal root compression, but there have been few studies on the diagnosis of CFS in asymptomatic populations.[@B8][@B9] In addition, studies to date on the incidence of stenosis used images obtained from departments treating cervical lesions (orthopedic surgery, neurological surgery, rehabilitation, pain clinic, and neurology), and thus patient selection bias may have occurred. Therefore, we analyzed the prevalence of CFS using cervical computed tomography (CT) scans taken during a certain period from one university hospital regardless of the department to identify patients without clinical symptoms of CFS. The purpose of this study was to investigate the prevalence of CFS according to the site, extent, and morphology using cervical CT images obtained from patients who had no clinical symptoms of CFS.

METHODS
=======

Patients
--------

We prospectively evaluated all cervical CT scans taken from January 2016 to March 2016 from Daegu Catholic University Hospital regardless of department. Before performing CT, we checked whether the patient had clinical symptoms or a past history of CFS and then collected the data prospectively. We excluded patients with clinical symptoms or a past history of cervical spine problems. All included patients underwent cervical CT for reasons other than cervical lesion examination in medical departments such as otolaryngology, digestive medicine, and general surgery; CT scans from departments where patients are treated for cervical lesions such as orthopedic surgery, neurosurgery, rehabilitation medicine, and pain medicine were not used for the study. A total of 438 subjects were included, and a total of 2,628 cervical disc (C4--5, C5--6, and C6--7; left and right) images were examined. We conducted this study in compliance with the principles of the Declaration of Helsinki. The protocol of this study was reviewed and approved by the Institutional Review Board of Daegu Catholic University (IRB No. CR-16-086). Written informed consents were obtained.

CT Scan Parameters
------------------

CT was performed using one of three 16-multidetector computed tomography (MDCT) machines or a dual source 64-MDCT system (Lightspeed Ultra; GE Healthcare, Milwaukee, WI, USA). The axial slice thickness varies from 0.75 to 2.5 mm because the images were obtained from patients with different indications and by different protocols.

Radiological Grade Measurement
------------------------------

We performed radiographic classification by analyzing axial images at the cervical disc level, and we assessed morphology and extent of compression related to foraminal stenosis at each site ([Fig. 1](#F1){ref-type="fig"}) evaluating the uncovertebral joints and osteophytes of an uncovertebral joint and a facet joint. The shape and extent of stenosis were classified using the Lee et al.\'s classification system:[@B10] grade 0, no stenosis; grade 1, less than 50% nerve root compression; and grade 2, more than 50% nerve root compression; focal or diffuse type by shape. Three orthopedic surgeons (JL, a senior resident; SK, a full-time orthopedic spine specialist; and WC, a general orthopedic practitioner) who were blind to the patients\' epidemiologic data and who were unaware that the patients were not being treated for spinal problems conducted classification. Each surgeon performed measurement twice with a 4-week interval, and if two measurement values were different, a severe one was selected. If more than two of the three surgeons had the same measurement values, the values were used for analysis. If all measurement values were unmatched, the median values were used for analysis. The left and right sides were independently classified on the same axial image.

Statistical Analysis
--------------------

We determined inter- and intraobserver reliability of the assessment of relationships between the extent of stenosis compression and morphology using Kappa statistics. We evaluated the correlation between age and the severity of CFS using cross tabulation analysis. For statistical analysis, we used IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA) and a *p* \< 0.05 was considered statistically significant.

RESULTS
=======

Epidemiological Results
-----------------------

Of the 438 patients, 195 were female and 243 were male. The mean age of the patients was 54.3 years (range, 20 to 84 years); by sex, the mean age was 55.4 years (range, 21 to 82 years) for males and 53 years (range, 20 to 84 years) for females. Among the total patients, 249 patients were from otorhinolaryngology, 128 patients from general surgery, 31 patients from chest surgery, and 30 patients from digestive medicine. Interobserver reliability was 0.86 and intraobserver reliability was 0.93 for the assessment of the extent of compression; interobserver reliability was 0.84 and intraobserver reliability was 0.91 for the assessment of morphology.

Extent of Compression
---------------------

Among all 438 patients, left C5--6 stenosis was most common (24.66%), and the most severe stenosis of grade 2 was found in the left C5--6 (2.97%). The prevalence of stenosis at C4--5 was 10.50% on the right side and 13.47% on the left side; at C5--6, it was 13.47% on the right side and 24.66% on the left side; at C6--7, it was 10.96% on the right side and 12.10% on the left side. The prevalence of CFS was high in the following order: left C5--6, left C4--5 and right C5--6, and left C6--7. Overall, the incidence of CFS was greater on the left side than on the right side ([Table 1](#T1){ref-type="table"}).

On morphological characteristics, the focal type was more common at C4--5, whereas the diffuse type was more common at C5--6. At C6--7, the focal type was more common on the right side, whereas the diffuse type was more common on the left side ([Table 2](#T2){ref-type="table"}).

Correlation between Age and Extent of CFS
-----------------------------------------

The 438 patients were divided by age into two groups (\> 55 years and ≤ 55 years). We evaluated the correlation between age and the extent of CFS using cross tabulation analysis. At all cervical levels, age and the extent of CFS showed statistically significant correlation.

DISCUSSION
==========

The most important finding of this study is that left C5--6 stenosis was most common (24.66%) in the cervical spine on the CT scan, but the more severe grade of stenosis was found in the left C5--6 level (2.97%). The incidences were evaluated from a selected community-based population that had no clinical symptoms of CFS.

Cervical neuromuscular disease is manifested by symptoms in specific neuromuscular regions of the upper limbs, and radiating pain is mostly caused by cervical nerve root compression due to stenosis of the cervical vertebrae.[@B11][@B12][@B13] In the presence of progressive neurological deterioration, intractable pain, signs of myelopathy, fracture, instability, or ligamentous injury, and bone anomalies or destruction are associated with surgical indications. However, CFS can be asymptomatic.[@B14] To determine the affected level that requires cervical spine surgery, the patients undergo neurological and physical examinations and then both CT and magnetic resonance imaging (MRI); if the results do not match, additional neurophysiological testing is required to determine the affected level. However, if neurological examinations are performed after radiological examinations, it is difficult to rule out the possibility of bias; radiological findings may influence surgeon\'s decision making.

CT and MRI sometimes do not show stenosis of the cervical vertebra in spite of clinical and neurological symptoms.[@B15] CFS is sometimes referred to as silent cervical spinal canal stenosis, and this compression of the cervical nerve roots is mainly caused by degenerative changes in the spine or secondary intervertebral stenosis caused by disc herniation.[@B11][@B12] Silent cervical spinal canal stenosis has been reported by several authors for the risk of neurological damage at the time of injury and prophylactic surgery,[@B16] but there are very few studies on stenosis of the cervical intervertebral disc.[@B1][@B17][@B18][@B19][@B20] According to Kuijper et al.,[@B14] false positive nerve root compression is also seen in 45% of cases, mostly in the upper and lower parts of at least one of the clinical abnormalities and even on the opposite side; this asymptomatic nerve root compression is often accompanied by nerve root compression with clinical symptoms, and based on compression findings observed on MRI, patients may be treated unnecessarily. To avoid this, clinicians should take detailed histories of the patient and conduct neurological examinations and interpret MRI results based on these findings. In the case of CFS, it may be more accurate to use CT spine images rather than MRI,[@B21][@B22][@B23][@B24] and we had difficulty gathering and analyzing MRI scans of the general population.

Teresi et al.[@B25] analyzed the MRIs of 100 patients with laryngeal disease and reported symptomatic cervical disc herniation in 57% of patients older than 64 years and in 20% of patients between 45 and 54 years of age. In addition, Boden et al.[@B1] reported major cervical spine abnormalities such as disc herniation, intervertebral stenosis, and stenosis of the cervical intervertebral disc in 28% of patients over age 40 years without symptoms.

In this study, C5--6 was the most common level for CFS, including severe stenosis. Degenerative changes in the cervical spine are known to occur frequently at C5--6,[@B26] and in previous studies, the incidence of CFS was found to be higher at C5--6 than at other sites.[@B2][@B27] The causes of CFS in this specific area have not yet been elucidated. However, based on the results of cervical motion studies, it may be attributable to the range of flexion and axial rotation in the C5--6 segment that is broader than that in other regions.[@B28] Further investigation is needed to determine whether these biomechanical properties are related to inducing intervertebral disc stenosis. In addition, C5--6 stenosis was more frequent in the left intervertebral foramina than on the right side, and the stenosis also differed from that in other segments in terms of the higher incidence of diffuse type.

The limitations of this study are as follows. First, this study did not evaluate the correlation between the extent of stenosis and clinical symptoms. However, the aim of this study was to evaluate incidence of CFS in CT among a selected community-based population without clinical symptoms of cervical spine. Second, since the study period was not the entire year but only 3 months of 2016, this study may not be free from selection bias. Third, we could not explain why diffuse type was more common on the left side; further investigation is needed to establish its relationship with the dominant side of the body. Last, the neck CT scan, which was performed for other purposes in various departments, does not accurately show the appearance of the foramen of cervical spine. However, to the best of our knowledge, this is the first study on the extent and shape of the intervertebral foramina at each level of the cervical vertebrae, and it is also important to note that this is the first study that addresses the differences between the left and right sides.

The prevalence of CFS was highest at the C5--6 level: 19.06% for CFS, and 2.29% for severe stenosis (more than 50% nerve root compression). CFS occurred more often on the left side than on the right side (24.66% vs. 13.47%). Focal stenosis was more frequent at C4--5 and diffuse stenosis was more common at C5--6 than at other sites. At C6--7, focal stenosis was more common on the right side and so was diffuse stenosis on the left side. If CT shows normal changes in spite of clinical symptoms of cervical vertebrae stenosis, neurological and neurophysiologic examinations may be important in determining the extent of the lesion.
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###### Foraminal Stenosis According to Degree of Compression

![](cios-10-433-i001)

  Spine level   Side    Grade   No. (%)       Total (%)
  ------------- ------- ------- ------------- -----------
  C4--5         Right   0       392 (89.50)   
                        1       39 (8.90)     10.50
                        2       7 (1.60)      
                Left    0       379 (86.53)   
                        1       59 (13.47)    13.47
                        2       0             
  C5--6         Right   0       379 (86.53)   
                        1       52 (11.87)    13.47
                        2       7 (1.60)      
                Left    0       330 (75.34)   
                        1       95 (21.69)    24.66
                        2       13 (2.97)     
  C6--7         Right   0       390 (89.04)   
                        1       41 (9.36)     10.96
                        2       7 (1.60)      
                Left    0       385 (87.90)   
                        1       46 (10.50)    12.10
                        2       7 (1.60)      

###### Foraminal Stenosis According to Morphology

![](cios-10-433-i002)

  Spine level   Side    Type      No. (%)
  ------------- ------- --------- ------------
  C4--5         Right   Focal     34 (73.91)
                        Diffuse   12 (26.09)
                Left    Focal     41 (69.49)
                        Diffuse   18 (30.51)
  C5--6         Right   Focal     16 (27.12)
                        Diffuse   43 (72.88)
                Left    Focal     29 (26.85)
                        Diffuse   79 (73.15)
  C6--7         Right   Focal     29 (60.42)
                        Diffuse   19 (39.58)
                Left    Focal     20 (37.74)
                        Diffuse   33 (62.26)
